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+LJKUHVROXWLRQVHLVPLFLPDJLQJRI3DOHR]RLFURFNVLQWKH0RUDDUHD6LOMDQ
5LQJVWUXFWXUHFHQWUDO6ZHGHQ
+DUEH0XKDPDGDE&KULVWRSKHU-XKOLQD'DQLHO6RSKHUD2OLYHU/HKQHUWFGHI$U]X$UVODQJ	*XLGR0HLQKROG
K
D'HSDUWPHQWRI(DUWK6FLHQFHV8SSVDOD8QLYHUVLW\9LOODYlJHQ6(8SSVDOD6ZHGHQ
KDUEHPXKDPDG#JHRXXVH
E'HSDUWPHQWRI*HRORJ\6DODKDGGLQ8QLYHUVLW\(UELO.XUGLVWDQ5HJLRQ,UDT
F.H\/DERUDWRU\RI(FRQRPLF6WUDWLJUDSK\DQG3DODHRJHRJUDSK\1DQMLQJ,QVWLWXWHRI*HRORJ\DQG
3DODHRQWRORJ\&KLQHVH$FDGHP\RI6FLHQFHV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G*HR=HQWUXP1RUGED\HUQ$EWHLOXQJ.UXVWHQG\QDPLN)ULHGULFK$OH[DQGHU8QLYHUVLW\RI(UODQJHQ1UQEHUJ
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(UODQJHQ*HUPDQ\
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I)DFXOW\RI(QYLURQPHQWDO6FLHQFHV&]HFK8QLYHUVLW\RI/LIH6FLHQFHV3UDJXH.DPêFNi3UDKD±
6XFKGRO&]HFK5HSXEOLF
J8OPHQZHJ'*|WWLQJHQ*HUPDQ\
K*HRZLVVHQVFKDIWOLFKHV=HQWUXPGHU8QLYHUVLWlW*|WWLQJHQ$EWHLOXQJ6HGLPHQWRORJLH8PZHOWJHRORJLH
*ROGVFKPLGWVWUDH'*|WWLQJHQ*HUPDQ\
$EVWUDFW
7KH/DWH'HYRQLDQ6LOMDQ5LQJVWUXFWXUH LQ6ZHGHQ LV WKH ODUJHVWNQRZQ LPSDFWVWUXFWXUH LQ
(XURSH 7KH SUHVHQWGD\ VWUXFWXUH FRPSULVHV D FHQWUDO GRPH WKDW LV DERXW ± NP LQ
GLDPHWHUZKLFK LV VXUURXQGHGE\D ULQJVKDSHGGHSUHVVLRQ ,Q WKLV VWXG\ZH IRFXVRQ WKH
VRXWKZHVWHUQ SDUW RI WKH 6LOMDQ 5LQJ ZLWK WKH DLP WR PDS WKH VWUXFWXUH RI WKH 3DOHR]RLF
VHGLPHQWDU\ URFNV )RXU ' KLJKUHVROXWLRQ VHLVPLF OLQHVZLWK D WRWDO OHQJWK RI DERXW  NP
ZHUHDFTXLUHGLQWKH0RUDDUHD$WKUHHFRPSRQHQWHLJKW\XQLWODQGVWUHDPHUFRPELQHGZLWK
ZLUHOHVVUHFRUGHUVZDVXVHGIRUGDWDDFTXLVLWLRQDORQJZLWKDZHLJKWGURSVRXUFH3URFHVVLQJ
RI WKH GDWD VKRZV WKDW FOHDU UHIOHFWLRQV DUH SUHVHQW EXW UHVXOWV DUH OHVV GLVWLQFW ZKHUH
H[WHUQDOQRLVHZDVSUHVHQWGXULQJDFTXLVLWLRQRUWKHPD[LPXPVRXUFHUHFHLYHURIIVHWZDVWRR
VKRUW 3HWURSK\VLFDO PHDVXUHPHQWV RQ FRUH VDPSOHV FRUH ORJ GDWD DQG D GHQVLW\ PRGHO
DORQJ RQH OLQH ZHUH XVHG WR JXLGH WKH LQWHUSUHWDWLRQ RI WKH VHLVPLF VHFWLRQV 7KHVH GDWD
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
GHPRQVWUDWHWKDWIDXOWEORFNVDUHSUHVHQWLQWKHVWXG\DUHDDQGWKDWWKHLQGLYLGXDOEORFNVKDYH
EHHQDIIHFWHGGLIIHUHQWO\E\LPSDFWUHODWHGWHFWRQLFV
.H\ZRUGV6LOMDQ5LQJLPSDFWVWUXFWXUH3DOHR]RLFURFNV0RUDVHLVPLFUHIOHFWLRQ
,QWURGXFWLRQ
7KH /DWH 'HYRQLDQ 6LOMDQ 5LQJ VWUXFWXUH LQ 6ZHGHQ LV WKH ODUJHVW NQRZQ LPSDFW
VWUXFWXUH LQ(XURSH)LJ ,WFRPSULVHVDFHQWUDOXSOLIW WKDW LVDERXW±NP LQGLDPHWHU
VXUURXQGHGE\D ULQJVKDSHGGHSUHVVLRQ -XKOLQ	3HGHUVHQ ,Q WKHHDUO\V WKH
VWUXFWXUHDWWUDFWHG WKH LQWHUHVWRI WKH6ZHGLVK6WDWH3RZHU%RDUG 9DWWHQIDOODVDSRWHQWLDO
UHVHUYRLU IRU DELRJHQLF JDV 'RQRIULR HW DO  %RGHQ 	 (ULNVVRQ  DQG VHYHUDO
VHLVPLF UHIOHFWLRQSURILOHVZHUHDFTXLUHG LQ WKH6LOMDQ5LQJDUHDHVSHFLDOO\ LQ WKHFHQWUDO WR
QRUWKHUQSDUWVDQGLQWKHHDVWHUQSDUW,QDGGLWLRQWZRGHHSZHOOVZHUHGULOOHGWKH*UDYEHUJ
ZHOODERXWNPGHHSLQWKHQRUWKHUQSDUWDQGWKH6WHQEHUJZHOODERXWNPGHHSLQ
WKHFHQWUDOSDUW5HVXOWVIURPWKHVHVWXGLHVVKRZHGWKDWIHOVLFURFNVDUHJHQHUDOO\VHLVPLFDOO\
WUDQVSDUHQWDQGWKDWKLJKDPSOLWXGHVXEKRUL]RQWDOUHIOHFWLRQVUHSUHVHQWWKLQ±PGROHULWH
VLOOVZLWKLQWKHIHOVLFURFNV-XKOLQ3DSDVLNDV	-XKOLQ
,QWZRVHLVPLFSURILOHVDW0RUDDQG2UVDZHUHDFTXLUHGLQWKHZHVWHUQSDUWRI
WKH6LOMDQ5LQJ-XKOLQHWDO)LJ7KH0RUDSURILOHNPORQJDQGVWULNLQJ1:±6(
DQG WKH2UVD SURILOH  NP ORQJ DQG VWULNLQJ1(±6:ZHUH JHDUHG WRPDS WKH3DOHR]RLF
VXFFHVVLRQVLQRUGHUWRORFDWHSRWHQWLDOIXWXUHVFLHQWLILFZHOOVLWHVWKDWZRXOGDOORZSHQHWUDWLRQ
RI WKH VHGLPHQWDU\ VXFFHVVLRQV DQG WKH EDVHPHQW URFNV EHORZ 5HVXOWV IURP WKHVH
LQYHVWLJDWLRQV VKRZD FRPSOH[ DQGGLVFRQWLQXRXV UHIOHFWLRQSDWWHUQZLWK VLJQLILFDQW IDXOWLQJ
HVSHFLDOO\DORQJWKH0RUDSURILOH-XKOLQDWHO7KH0RUDSURILOHZDVLQWHUSUHWHGWRKDYH
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
DQ DSSUR[LPDWHO\  P WKLFN VHFWLRQ RI 6LOXULDQ URFNV RYHUOD\LQJ D VWUXFWXUDOO\ WKLFNHQHG
VXFFHVVLRQ RI 2UGRYLFLDQ VWUDWD PD[LPXP WKLFNQHVVHV RI DERXW  P ,QFUHDVHG
WKLFNQHVVHVFDXVHGE\LPSDFWWHFWRQLFVZHUHLQWHUSUHWHGWREHJHQHUDOO\OHVVDORQJWKH2UVD
SURILOH-XKOLQDWHO
5HFHQWO\,JUHQH$%D6ZHGLVKFRPSDQ\IRFXVLQJRQK\GURFDUERQH[SORUDWLRQGULOOHG
VHYHUDOZHOOVLQWKHVRXWKHUQKDOIRIWKH6LOMDQ5LQJIRUWKHSXUSRVHVRIJDVH[SORUDWLRQHJ
0RUD  WR F PGHSWK6ROEHUJD WR F PGHSWK DQG6WXPVQlV WR F P
GHSWK)LJ$QDO\VLVRIWKH0RUDFRUHVKRZVDQXQFRQIRUPLW\EHWZHHQWKHWRSRIWKH
0LGGOH2UGRYLFLDQFDUERQDWHURFNVDQGWKH/RZHU6LOXULDQFODVWLFURFNVLQWHUSUHWHGWREHGXH
WRWKHSDVVDJHRID&DOHGRQLDQSHULSKHUDOIRUHEXOJHGXULQJWHFWRQLFORDGLQJRIWKUXVWVKHHWVWR
WKHZHVW /HKQHUWHWDO7KH6WXPVQlVFRUH LVVWUXFWXUDOO\FRPSOH[DQGFRQWDLQVD
VODERIEDVHPHQWURFNWKDWRYHUOLHVWKH3DOHR]RLFVXFFHVVLRQV$UVODQHWDO/HKQHUWHW
DO
)RXURIWKH,JUHQH$%ZHOOVLQWKH0RUDDUHDZHUHJHRSK\VLFDOO\ORJJHG0XKDPDGHW
DO6RQLFYHORFLW\ WHPSHUDWXUHDQGHOHFWULFDO VRQGHVZHUHXVHG IRU ORJJLQJDQG WKH
GDWDZHUHFRPSDUHG WR WKH OLWKRORJ\RI WKH0RUDFRUH7KH ORJJLQJGDWD VKRZHG ODUJH
GLIIHUHQFHVLQWKHORJUHVSRQVHEHWZHHQVRPHRIWKHZHOOVVXJJHVWLQJDFRPSOH[VWUXFWXUHLQ
WKLVDUHD0XKDPDGHWDO7KH0RUDVRQLF ORJZDVXVHGWRJHQHUDWHDV\QWKHWLF
VHLVPRJUDPZKLFKVKRZHG WKDWDW OHDVW LQ WKLVDUHD WKHERXQGDU\EHWZHHQ6LOXULDQFODVWLF
URFNVDQG2UGRYLFLDQOLPHVWRQHSURGXFHVDVWURQJVHLVPLFUHIOHFWLRQ0XKDPDGHWDO
,QWKLVVWXG\ZHIRFXVRQWKHVRXWKZHVWHUQSDUWRIWKHLPSDFWVWUXFWXUHZLWKWKHPDLQ
REMHFWLYHWRPDSWKH3DOHR]RLFVXFFHVVLRQVDQGVWUXFWXUHDQGWRGHWHUPLQHZKLFKIDXOWVPLJKW
EHSUHVHQWLQWKH0RUDDUHD:HEDVHWKHLQWHUSUHWDWLRQRQIRXUQHZUHIOHFWLRQVHLVPLFSURILOHV
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
WKDWZHUHDFTXLUHGLQDQLQGXVWULDODUHDVRXWKRI0RUD)LJ,QRUGHUWRKHOSFDOLEUDWHWKH
VHLVPLFGDWDZHXVHGSHWURSK\VLFDOGDWDPHDVXUHPHQWVRQWKH0RUD90FRUHVDPSOHVWR
JHQHUDWHDV\QWKHWLFVHLVPRJUDPWRWLHZLWKWKHVHLVPLFGDWDZHOO ORFDWLRQVKRZQLQ)LJ
$GGLWLRQDOO\ JURXQG JUDYLW\ GDWDZHUH DFTXLUHG DORQJ RQH RI WKH SURILOHV DQG ' GHQVLW\
IRUZDUG PRGHOLQJ ZDV SHUIRUPHG WR KHOS IXUWKHU FRQVWUDLQ WKH VHLVPLF LQWHUSUHWDWLRQ 2XU
LQWHUSUHWDWLRQ VKRZV WKDW WKH 3DOHR]RLF VXFFHVVLRQV FKDQJH FKDUDFWHU UDSLGO\ DFURVV WKH
VWXG\DUHD:HDWWULEXWHWKHVHFKDQJHVWRLPSDFWWHFWRQLFV
*HRORJLFDOVHWWLQJ
7KHVWXG\DUHDLVORFDWHGLQWKHVRXWKZHVWHUQSDUWRIWKH6LOMDQ5LQJLPSDFWVWUXFWXUH
)LJ7KHULQJLWVHOILVRXWOLQHGE\DFLUFXODUVKDSHGGHSUHVVLRQIRUPHGE\D/DWH'HYRQLDQ
PHWHRULWH LPSDFW 0D-RXUGDQHWDO7KH6LOMDQ5LQJ LPSDFWVWUXFWXUH LV
ORFDWHGRQWKHERXQGDU\EHWZHHQWZRJHRORJLFDOXQLWVWKH6YHFRIHQQLDQ'RPDLQF*D
DQGWKH7UDQVVFDQGLQDYLDQ,JQHRXV%HOW7,%±*D&ROOLQL7KH3UHFDPEULDQ
URFNV6LOMDQJUDQLWHDQG-lUQDJUDQLWHLQWKHVWXG\DUHDEHORQJWRWKH7,%
)LJXUHVKRZVDJHRORJLFDOPDSRIWKHVWXG\DUHDDQGLOOXVWUDWHVKRZ/RZHU3DOHR]RLF
VXFFHVVLRQV KDYH EHHQ SUHVHUYHG IURP ODWHU HURVLRQ E\ GRZQIDXOWLQJ LQ WKH SRVWLPSDFW
FLUFXODU GHSUHVVLRQ .UHVWHQ HW DO  2XWFURSV LQ WKH 6LOMDQ 5LQJ DUH IHZ DQG PDLQO\
FRQFHQWUDWHG LQ LWV QRUWKHUQ FHQWUDO DQG HDVWHUQ SDUWV $W WKHVH RXWFURSV VLJQLILFDQW
GHIRUPDWLRQ FDQ EH REVHUYHG ZKHUH WKH 3DOHR]RLF VWUDWD DUH RIWHQ VWHHSO\ LQFOLQHG RU
RYHUWXUQHG
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
7KH IROORZLQJ WH[W LQ WKLV VHFWLRQ GHVFULEHV WKH ,JUHQH $% GULOO FRUHV IURP WKH0RUD
DUHDZKLFKDUHYLVXDOO\VXPPDUL]HGLQ)LJXUH$VDOUHDG\PHQWLRQHGDSUHYLRXVVWXG\RQ
GULOO FRUHV IURP WKH0RUDDUHD /HKQHUWHW DO  VKRZV WKDW WKHUH LVD VWUDWLJUDSKLFJDS
EHWZHHQWKH0LGGOH2UGRYLFLDQWRWKH/RZHU6LOXULDQ7KLV LVH[HPSOLILHGE\DERXWPRI
6LOXULDQ VWUDWDRYHUO\LQJD WKLQ2UGRYLFLDQXQLW LQ WKH0RUDFRUH VHH)LJV DQG IRU
ORFDWLRQ$QDO\VLVRIJHRSK\VLFDOZHOOGDWDIURPWKH0RUDDUHD0XKDPDGHWDOVKRZV
WKDW WKHUH DUH UDSLGO\ FKDQJLQJ OLWKRORJLHV LQ WKLV VWUXFWXUDOO\ FRPSOH[ DUHD DQG WKDW WKH
WHFWRQLFDOO\ LQGXFHG WKLFNQHVV RI WKH 2UGRYLFLDQ URFNV LQ WKH VXEVXUIDFH LV XS WR
DSSUR[LPDWHO\PZKLOH WKH WKLFNQHVVRI WKH6LOXULDQ VXFFHVVLRQ LVXS WRDSSUR[LPDWHO\
P
,QWKH0RUDFRUHORFDWHGFORVHWR/LQHLQWKLVVWXG\)LJWKHDSSUR[LPDWHO\
 P WKLFN 6LOXULDQ VXFFHVVLRQ FRQVLVWV PDLQO\ RI VKDOHPXGVWRQH DQG PDUO ZKLFK LV
DVVXPHG WR EH XSSHU /ODQGRYHU\ WKURXJK :HQORFN LQ DJH /HKQHUW HW DO  7KHVH
OLWKRORJLHVDUH W\SLFDO IRU WKH6LOXULDQVHFWLRQ LQDOORI WKHZHOOVGULOOHGZLWKLQ WKHVWXG\DUHD
1RWH WKDW LQ WKH0RUD  FRUH WKHUH LVDQ DSSUR[LPDWHO\ P WKLFN VDQGVWRQH LQWHUYDO DW
DERXWPGHSWK WKDW LVXQGHUODLQE\DQDSSUR[LPDWHO\P WKLFNVLOWVWRQH LQWHUYDO%HORZ
WKH6LOXULDQ LQ WKH0RUD ZHOO WKHUH LVDQ DSSUR[LPDWHO\ P WKLFN VHFWLRQRI /RZHU WR
0LGGOH2UGRYLFLDQOLPHVWRQH/HKQHUWHWDO8QOLNHWKHRWKHUZHOOVLQWKHDUHDWKH0RUD
ZHOODSSHDUV WR UHSUHVHQWDVHTXHQFH ODUJHO\XQDIIHFWHGE\ IDXOWLQJDQG LPSDFWUHODWHG
GHIRUPDWLRQKHQFHLW LVFRQVLGHUHGKHUHWREHUHSUHVHQWDWLYHRI WKHSUHLPSDFWVHTXHQFHLQ
WKHDUHD
7KH0RUD90ZHOOLVDOVRORFDWHGDORQJ/LQHDSSUR[LPDWHO\PDZD\IURPWKH
0RUDZHOO+HUHWKHDSSUR[LPDWHO\PWKLFN6LOXULDQVHFWLRQH[KLELWVOLWKRORJLHVVLPLODU
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
WRWKHµXSSHUVKDOHPHPEHU¶LQWKH6LOXULDQVLOLFLFODVWLFVXFFHVVLRQLQWKH0RUDZHOO7KH
WKLFNQHVVDQGFKDUDFWHURIWKH2UGRYLFLDQVWUDWDGLIIHUVVLJQLILFDQWO\EHWZHHQWKH0RUD90
DQG0RUDZHOOV8QOLNHWKH0RUDZHOOWKH2UGRYLFLDQVWUDWDLQWKH90ZHOODSSHDU
WREH LQWHQVHO\GHIRUPHG6HYHUDO IDXOWVDUHREVHUYHG LQ WKH0RUD90ZHOOPRVWQRWDEO\
WKHXSSHUSDUWRIWKH2UGRYLFLDQVWUDWDDSSHDUVWREHLQWHUVHFWHGE\PDQ\IDXOWV)XUWKHUPRUH
IDXOWV DSSHDU WRPDUN WKH ERXQGDU\ EHWZHHQ WKH6LOXULDQ DQG2UGRYLFLDQ VWUDWD LQ WKHZHOO
0XKDPDGHWDO %DVHGRQSUHOLPLQDU\ FRUHDQDO\VLV LW LV FOHDU WKDW WKH VWUDWLJUDSKLF
VXFFHVVLRQLQWKLVZHOOLVQRWFRQWLQXRXV,WKDVEHHQORJJHGEXWZLOOEHGHVFULEHGLQGHWDLOLQD
VHSDUDWHSXEOLFDWLRQ,QWKLVIDXOWEORFNDORZHUFRQWLQXRXVDQGDXWRFKWKRQRXVVXFFHVVLRQLV
REVHUYHG 7KH FRQWLQXRXV VHTXHQFH DW WKH EDVH RI WKH ZHOO FRQVLVWV RI EDVHPHQW VWUDWD
RYHUODLQE\ORZHU2UGRYLFLDQVKHOIFDUERQDWHV$ERYHWKLVDPDVVLYHORFDOPRXQGVXFFHVVLRQ
LVREVHUYHGZKLFKDSSHDUVWREHGHIRUPHG7KHPRXQGVXFFHVVLRQPD\KDYHIRUPHGDORQJ
WKHIRUHEXOJHGXULQJODWH0LGGOHHDUO\/DWH2UGRYLFLDQWLPHV/HKQHUWHWDO7KLVZRXOG
LQIHUWKDWGHVSLWHEHLQJOLWKRORJLFDOO\FRPSDUDEOHWKHVHPRXQGVZHUHIRUPHGHDUOLHUWKDQWKH
PDVVLYH%RGDPRXQGVIRXQGLQWKHQRUWKFHQWUDODQGHDVWHUQSDUWRIWKHULQJVWUXFWXUH
7KHDXWRFKWKRQRXVORZHUVXFFHVVLRQLQWKH0RUD90ZHOOVWDUWVDWPZLWKD
FPWKLQJODXFRQLWLFVDQGFRYHURQWKHEDVHPHQWRYHUODLQE\WKH/DWRUS/LPHVWRQH(EEHVWDG
	 +|JVWU|P  ZLWK DQ LQWHUFDODWLRQ RI 7R\HQ )RUPDWLRQ HTXLYDOHQWV $ERYH WKLV WKH
/DQQD )RUPDWLRQ DQG DQ LQWHUYDO ZKLFK FDQ EH FRPSDUHG WR WKH 7lOMVWHQ LQWHUYDO LV
HQFRXQWHUHG $ IDXOW DW DERXW  P PDUNV WKH ERXQGDU\ EHWZHHQ WKH 7lOMVWHQ LQWHUYDO
EHORZDQGD VXFFHVVLRQ RI XSSHU /DQQD/LPHVWRQH 7lOMVWHQHTXLYDOHQWV+ROHQ /LPHVWRQH
DQGDUHGGLVKWRJUHHQLVKOLPHVWRQHVXFFHVVLRQZKLFKEDVHGRQOLWKRORJLHVPD\EHFRHYDOWR
WKH6HJHUVWDG6NDUO|Y6HE\DQG)RONHVOXQGDOLPHVWRQHV(EEHVWDG	+|JVWU|P,WLV
QRWFOHDU LI WKHPDLQO\JUD\LVKZDFNHVWRQHDQGSDFNVWRQHVZLWKPDQ\RUWKRFHUDWKLGVDERYH
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
HQWLUHO\ UHSUHVHQW VKDOORZHU HTXLYDOHQWV WR WKH )XUXGDO DQG 'DOE\ OLPHVWRQHV IXWXUH į&
DQDO\VLVDQGFRQRGRQWELRVWUDWLJUDSK\PD\VROYHWKLVSUREOHP$WPDQDO\VLVRIWKHILUVW
FRQRGRQWIDXQDUHFRYHUHGIURPWKLVSDUWRIWKHVXFFHVVLRQ LQGLFDWHVWKH3\JRGXVDQVHULQXV
%LR]RQHDQGWKHUHIRUHDQXSSHUPRVW'DUULZLOLDQWRORZHU6DQGELDQDJHIRUWKLVOHYHOZKLFKLQ
WXUQZRXOGILWZLWKWKHWLPLQJRI)XUXGDOGHSRVLWLRQ$IWHUWKHVHGLPHQWDWLRQRIDIHZPHWHUVRI
FRDUVHJUDLQHG FULQRLGDO ZDFNH WR SDFNVWRQH WKH ILUVWPRXQG OLPHVWRQH LV HQFRXQWHUHG DW
PDQGHQGVDWDIDXOWDWP7KHVHDXWRFKWKRQRXVWKLFNPRXQGOLPHVWRQHVZLWK
UDUH FULQRLGV DQG DEXQGDQW VWURPDWDFWLV DUH VLPLODU LQ OLWKRORJ\ WR WKH \RXQJHU XSSHUPRVW
.DWLDQWKURXJK+LUQDQWLDQ%RGDPRXQGVEXWPXVWMXGJLQJIURPWKHLUVWUDWLJUDSKLFSRVLWLRQ
KDYHIRUPHGPXFKHDUOLHUSRVVLEO\SDUDOOHORUFORVHWRWKH0LGGOH8SSHU2UGRYLFLDQIRUHEXOJH
DUHDGLVFXVVHGE\/HKQHUWHWDO
7KLV ORZHU VXFFHVVLRQ LQ 0RUD 90 LV VHSDUDWHG E\ D IDXOW ]RQH IURP DQ XSSHU
VXFFHVVLRQRIDOORFKWKRQRXVKRPRJHQHRXVDQGZKLWLVKKHDWHGE\WKHLPSDFWDQGRULJLQDWLQJ
IURPWKHLPSDFWVLWH"%RGD/LPHVWRQHZLWKDSUHGRPLQDQWO\VXEYHUWLFDOEHGGLQJUHIOHFWHGE\
VW\OROLWKLVDWLRQ7KLV IDXOWERXQGHG%RGD/LPHVWRQH ±P LV LQ FRQWDFWZLWK WKH
RYHUOD\LQJGDUNJUHHQLVK6LOXULDQVKDOHVDQGLQWHUVHFWHGE\DQXPEHURIIDXOWV,PSDFWUHODWHG
IDXOW ]RQHV WHFWRQLF EUHFFLDV DQG VHGLPHQW LQMHFWLRQV DUH REVHUYHG DV ZHOO DV D GDUN
ELWXPLQRXV FRYHU RQ VRPH IDXOW SODQHV 7KHVH IUDFWXUHG DQG VKDWWHUHG PRXQG OLPHVWRQHV
KDYHSUHVXPDEO\EHHQWUDQVSRUWHGIURPWKHFHQWUDOSDUWRIWKHLPSDFWVWUXFWXUHWRWKLVDUHDLQ
WKH RXWHU DQG ZHVWHUQ SDUW RI WKH ULQJ $VLGH IURP WKH ROGHU PDVVLYH PRXQG GHSRVLWLRQ
SRVVLEO\ FORVH WR WKH IRUHEXOJHPHQWLRQHGDERYH VXFKPDVVLYHPRXQG OLPHVWRQHVDUH QRW
W\SLFDOO\IRXQGLQWKHZHVWHUQSDUWRIWKH6LOMDQ5LQJDUHD
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
1RJHRSK\VLFDO ORJVDUHDYDLODEOHIRU WKH0RUD09ZHOO ORFDWHGRQ/LQH)LJ
3UHOLPLQDU\ LQVSHFWLRQ RI WKH FRUH GDWD EDVHG PDLQO\ RQ ,JUHQH $% SKRWRJUDSKV RI FRUH
ER[HV GHPRQVWUDWHV WKDW WKH VHTXHQFH LV KLJKO\ GHIRUPHG ZKHUH WKH2UGRYLFLDQ±6LOXULDQ
VHTXHQFH LVGXH WR WKHGHYHORSPHQWRID WKLFNSDFNDJHRIVWUXFWXUDOO\ UHSHDWHGVOLFHV2XU
SUHOLPLQDU\ DVVHVVPHQW RI WKH FRUH OLWKRORJLHV LQGLFDWHV WKDW WKH XSSHUPRVW SDUW RI WKH
VXFFHVVLRQZKLFKVWDUWVXQGHUQHDWKWKH4XDWHUQDU\FRYHUDWPFRQVLVWVSUHGRPLQDQWO\
RI ILQHJUDLQHG 6LOXULDQ VLOLFLFODVWLFV *UHHQLVK VKDOHV LQ WKH XSSHUPRVW  P DUH LQ SDUWV
KLJKO\IUDFWXUHGDQGIROORZHGE\DSDFNDJHRIUHGGLVKDQGJUHHQLVKVKDOHVDQGFRPSDUDEOH
WR WKRVH RI WKH WULFRORU PHPEHU LQ WKH 0RUD  FRUH /HKQHUW HW DO  %HORZ WKHVH
VKDOHV LPSDFWUHODWHG IDXOWLQJ OHDG WR QXPHURXV UHSHWLWLRQV RI WKH 2UGRYLFLDQ DQG 6LOXULDQ
XQLWV 7KH FRQWUDVW LQ WKH WKLFNQHVVHV RI WKH 6LOXULDQ DQG2UGRYLFLDQ VXFFHVVLRQV EHWZHHQ
WKHVH ZHOOV DQG WKH SUHVHQFH RI D ODUJH QXPEHU RI IDXOWV KLJKOLJKWV WKH YDULDELOLW\ DQG
FRPSOH[LW\RIWKHVHGLPHQWDU\VHTXHQFHLQWKLVDUHD
7KHVWUDWLJUDSK\DVUHSUHVHQWHGE\WKH0RUD09FRUH)LJLVXQLTXHLQWKDWHYHQ
WKH ORZHUPRVW SDUW RI WKH UHJXODU ORFDO 3DOHR]RLF VHTXHQFH LV KLJKO\ DIIHFWHG E\ LPSDFW
WHFWRQLFVDQG WKDWPRVWRI WKH/RZHUDQG0LGGOH2UGRYLFLDQSUHGRPLQDQWO\ FDUERQDWHXQLWV
KDYH EHHQ FXW RXW E\ IDXOWLQJ LQ WKLV IDXOW EORFN 7KH GHSWKV PHQWLRQHG EHORZ DUH WKRVH
LQGLFDWHG RQ WKH ER[HV IURP WKH SKRWR GRFXPHQWDWLRQ E\ ,JUHQH $% )UDFWXUH ]RQHV
PLQHUDOL]DWLRQ DQG LPSDFWUHODWHG IDXOWLQJ RFFXU DOUHDG\ LQ WKH KHWHURJHQHRXV FU\VWDOOLQH
EDVHPHQWGRPLQDWHGE\JUDQLWLFURFNVZLWKJDEEURLFLQWHUFDODWLRQVORFDWHGEHWZHHQ
DQGP$P WKLFNFRDUVHJUDLQHGFRQJORPHUDWHRYHUOLHV WKH LQWHQVHO\ IUDFWXUHG
EDVHPHQW,WLVIROORZHGE\FPPDUODQGPVRPHZKDWDW\SLFDO/DWRUS/LPHVWRQHZLWK
JUHHQLVKDQG\HOORZLVKQRGXOHV7KLVVXFFHVVLRQLVLQIDXOWHGFRQWDFWZLWKDQGMX[WDSRVHGWR
DVXFFHVVLRQRIJUD\DQGUHGGLVKRUWKRFHUDWKLG OLPHVWRQHVZLWKPDQ\RUWKRFHUDWKLGVW\SLFDO
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
IRUWKHWKLQOLWKRORJLFXQLWVDERYHWKH+ROHQDQG6HJHUVWDGOLPHVWRQHV,WPD\EHHTXLYDOHQWWR
WKH6NDUO|Y6HE\DQG)RONHVOXQGDOLPHVWRQHV(EEHVWDG	+|JVWU|P7KHVHURFNVDUH
VHSDUDWHG E\ D IDXOW DW  P IURP GHHSHU ZDWHU PDUO\ OLPHVWRQHV VKRZLQJ UHSHDWHG
LQWHUQDOIDXOWLQJDQGZKLFKPD\SDUWO\EH"DQHTXLYDOHQWWRWKH)XUXGDODQG'DOE\OLPHVWRQH
VXFFHVVLRQ DQG SRVVLEO\ WKH )UHEHUJD )RUPDWLRQ 'XH WR WKH VLJQLILFDQW IDXOWLQJ LW LV QRW
HYLGHQWZKLFKSDUWVRI WKH VXFFHVVLRQDUHSUHVHUYHGZLWKRXWELRVWUDWLJUDSKLFGDWD$ERYHD
IDXOW DW P VKDOH\ OLPHVWRQHV DQG QRGXODU OLPHVWRQHV ZLWK VKDOH HTXLYDOHQWV WR WKH
)UHEHUJD )RUPDWLRQ" IROORZHG E\ GHQVHU QRGXODU OLPHVWRQH HTXLYDOHQWV WR WKH 6ODQGURP
)RUPDWLRQ"DQGGHHSHUZDWHUVKDOH\QRGXODUOLPHVWRQHVXSSHU6ODQGURP)RUPDWLRQ"IURP
DSSUR[LPDWHO\  WR  P DUH SUHVHQW 7KHVH DUH LQ VHGLPHQWDU\ FRQWDFW ZLWK WKH
)MlFND6KDOHZKLFKDWPLVVHSDUDWHGE\DIDXOWIURPJUHHQLVKVKDOHVZLWKPXGVWRQHV
HTXLYDOHQW WR WKH /RND )RUPDWLRQ" 7KHVH XQLWV DV ZHOO DV WKH RWKHU 2UGRYLFLDQ
VKDOHPXGVWRQH XQLWV KLJKHU XS DQG WKHLU UHSHDWHG OD\HUV SUHVXPDEO\ UHSUHVHQW GHHSHU
ZDWHU HTXLYDOHQWV WR WKH PRUH OLPHGRPLQDWHG XQLWV VXFK DV WKH 6ODQGURP /LPHVWRQH
-RQVWRUS DQG /RND IRUPDWLRQV WR WKH HDVW 6HYHUDO UHSHWLWLRQV RI )MlFND 6KDOH XS WR WKH
KLJKHVWVOLFHVLWXDWHGEHWZHHQDQGPJLYHVRPHLQGLFDWLRQVWKDWDPDMRUSDUWRI
WKH DVVRFLDWHG VHGLPHQWV DUH 8SSHU 2UGRYLFLDQ LQ DJH DV ZHOO DV WKH XS WR  P
RYHUOD\LQJ 2UGRYLFLDQ OLPHVWRQHV 7KH ZKROH 8SSHU 2UGRYLFLDQ SDUW RI WKH VXFFHVVLRQ LV
UHSHDWHG DQG WKLFNHQHG GXH WR RYHUWXUQHG WR UHFXPEHQW IROGLQJ DQG SUREDEOH VXEVHTXHQW
WKUXVWLQJ7KHGHHSHUZDWHUHTXLYDOHQWVWRWKH8SSHU2UGRYLFLDQOLPHVWRQHIRUPDWLRQVSDUWO\
ORRN OLNH WKH VKDOHPXGVWRQH PHPEHUV LQ WKH 6LOXULDQ VXFFHVVLRQ LQ 0RUD  EXW WKH
FDUERQDWHFRQWHQWVHHPVWREHPXFKKLJKHU
0RUHWKDQPRI6LOXULDQVLOLFLFODVWLFVFRQVLVWLQJRISDUWO\GHIRUPHGDQGDOWHUQDWLQJ
JUHHQLVKJUD\LVKVKDOHPXGVWRQHVDQGJUHHQLVKVKDOHVDUHLQWHUFDODWHGEHWZHHQDSUREDEOH
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
WKUXVWRQWRSRID)MlFND6KDOHDWPDQGWKHEDVHRIDPWKLQWKUXVWVOLFHRI)MlFND
6KDOHDWP7KLVLQWHUFDODWLRQUHIOHFWVLQWHUQDOIROGLQJDQGIDXOWLQJRI ODUJHUVFDOHIROGV
ZKLFKFDQSRWHQWLDOO\EHVHHQRQWKHVWDFNHGVHLVPLFLPDJHIURP/LQHEHWZHHQ&'3
DQGDWDGHSWKEHWZHHQDQGPGHVFULEHGODWHULQWKHFKDSWHUVRQJHRSK\VLFDO
UHVXOWV7KHH[FOXVLYHO\6LOXULDQDQGSDUWO\GLVWXUEHGVLOLFLFODVWLFVXFFHVVLRQLQWKHXSSHUSDUW
RI WKH FRUH MX[WDSRVHGE\ D IDXOW WR WKH XQGHUO\LQJ8SSHU2UGRYLFLDQ OLPHVWRQHV -RQVWRUS
)RUPDWLRQ DW  P LV FRPSRVHG RI D VKDOHPXGVWRQHPHPEHU ± P VRPH
UHGGLVKJUHHQLVKVKDOHVHTXLYDOHQWVWRWKHWULFRORUPHPEHULQ0RUD"±PDQG
GDUNJUHHQLVKVKDOHV±PXQGHUQHDWKWKH4XDWHUQDU\FRYHU
,WLVZRUWKQRWLQJWKDWWKH-RQVWRUSDQG/RNDIRUPDWLRQVDUHUHSHDWHGVHYHUDOWLPHVLQ
SUREDEOHWKUXVWVOLFHVEXWWKHUHDUHRQO\WZRWKLQUHOLFWVRILWVFRPSHWHQWHTXLYDOHQWWKH8SSHU
2UGRYLFLDQ%RGD/LPHVWRQHZLWKLQWKHGLIIHUHQWVOLFHVRIWKHFRUHWRPLQFRQWDFW
ZLWKVKDOHQRGXODUOLPHVWRQHRIWKH/RND)RUPDWLRQ±PVHGLPHQWDU\LQWHUFDODWLRQ
LQ D JUD\JUHHQLVK -RQVWRUS )RUPDWLRQ 7KLV PD\ LQGLFDWH WKDW WKLV GHSRVLWLRQDO DUHD ZDV
GHHSHUDQGPRUHRXWERDUGWKDQWKHVKDOORZHUVKHOIDUHDVZLWKPRXQGIRUPDWLRQWRWKHHDVW
DQGPXFK GHHSHU WKDQ WKH QHDUIRUHEXOJH HQYLURQPHQWV DQG WKDW RQO\ OLPLWHG IRUPDWLRQ RI
PRXQGOLPHVWRQHRFFXUUHGLQWKLVVHWWLQJ
)LQDOO\ LW PXVW EH QRWHG WKDW WKH OLWKRORJLFDO LQWHUSUHWDWLRQ RI WKH 0RUD 09 FRUH
VXFFHVVLRQLVEDVHGRQWKHORFDOH[SHULHQFHRIWKHDXWKRUVZKLOHLQWHUSUHWLQJWKHSKRWRVHWRI
WKHFRUHER[HVSURYLGHGE\,JUHQH$%7KHOLWKRORJLFDOFRUHVXFFHVVLRQPXVWEHLQYHVWLJDWHG
FDUHIXOO\RQVLWHIRUGUDZLQJH[DFWDQGGHWDLOHGORJV
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
6HLVPLFGDWDDFTXLVLWLRQ
'XULQJWKHVXPPHURIIRXUVHLVPLFOLQHVZHUHDFTXLUHGLQWKH0RUDDUHD)LJ
)RUWKHVXUYH\ZHXVHGDVHLVPLFODQGVWUHDPHUV\VWHPDORQJZLWKVLQJOHFRPSRQHQW&
ZLUHOHVV XQLWV 7KH ODQG VWUHDPHUZDV D SURWRW\SH WKUHH FRPSRQHQW0(06 PLFURHOHFWUR
PHFKDQLFDOV\VWHPEDVHGVHLVPLFV\VWHPWKDWZDVGHYHORSHGE\8SSVDOD8QLYHUVLW\%URGLF
HW DO  7KH V\VWHP LQ FRPELQDWLRQ ZLWK ZLUHOHVV DQG FDEOHG VHQVRUV LV XVHIXO IRU
YDULRXVDSSOLFDWLRQVHVSHFLDOO\IRUQRLV\HQYLURQPHQWVRUDUHDVZKHUHKLJKUHVROXWLRQLPDJHV
RIWKHVXEVXUIDFHDUHQHHGHG7KHFRQILJXUDWLRQXVHGDW0RUDFRQVLVWHGRIIRXUVHJPHQWVRI
WZHQW\ VHQVRUV 7KUHH VHJPHQWV FRQWDLQHG WZHQW\ &VHQVRUV ZLWK  P VSDFLQJ DQG WKH
IRXUWKFRQVLVWHGRIWZHQW\&VHQVRUVZLWKPVSDFLQJJLYLQJDWRWDOVWUHDPHUOHQJWKRI
P 7KHVH VHJPHQWV ZHUH WRZHG LQ VHULHV DQG V\QFKURQL]HG ZLWK WKH  ZLUHOHVV VHQVRUV
&7KHVSDFLQJIRUWKHZLUHOHVVXQLWVYDULHGEHWZHHQDQGP
:HXVHGD%REFDWGURSKDPPHUDVVHLVPLFVRXUFHDQGWKHODQGVWUHDPHUDQGZLUHOHVV
XQLWVDV UHFHLYHUV7KHVKRW VSDFLQJZDVPDQGDW HDFKSRVLWLRQZH UHFRUGHGKLWV7R
LQFUHDVH WKH VLJQDOWRQRLVH UDWLR ZH VWDFNHG WKH VKRW UHFRUGV YHUWLFDOO\ 7KH VHQVRU DQG
ZLUHOHVV ORFDWLRQV ZHUH VXUYH\HG XVLQJ D '*36 GLIIHUHQWLDO *36 V\VWHP ZLWK KLJK
DFFXUDF\SDUWLFXODUO\ LQRSHQ WHUUDLQV KRUL]RQWDOO\  FP YHUWLFDOO\  FP/LQHDQG
/LQHZHUHGLUHFWHGLQ1(±6:DQG/LQHDQG/LQHLQ1:±6()LJ&RPELQHGWKHWRWDO
OHQJWK IRU WKH IRXU OLQHV ZDV DERXW  NP 7KH FRPELQDWLRQ RI WKH ORQJHU RIIVHWV IURP WKH
ZLUHOHVVV\VWHPDQGWKHFORVHUHFHLYHUVSDFLQJDWVKRUWHURIIVHWVIURPWKHODQGVWUHDPHUZDV
GHVLJQHG WR SURYLGH LPDJHV IURP WKH QHDU VXUIDFH GRZQ WR WKH EDVH RI WKH 3DOHR]RLF
VXFFHVVLRQ$VXPPDU\RIWKHPDLQDFTXLVLWLRQSDUDPHWHUVLVJLYHQLQ7DEOH
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
6HLVPLFGDWDSURFHVVLQJ
7DEOH  VKRZV WKHPDLQ SURFHVVLQJ VWHSV DSSOLHG WR WKH GDWD 7KH SURFHVVLQJ ZDV
GHVLJQHG WR UHGXFH QRLVH DQG WR HQKDQFH DQ\ UHIOHFWLRQV PDVNHG E\ WKH QRLVH 2QO\ WKH
YHUWLFDOFRPSRQHQWRIWKHODQGVWUHDPHUGDWDZDVXVHGDQGWKHVHZHUHPHUJHGZLWKWKH&
ZLUHOHVV GDWD 'DWD TXDOLW\ YDULHG DORQJ WKH SURILOHV GHSHQGLQJ XSRQ WKH QHDU VXUIDFH
FRQGLWLRQVWUDIILFLQIOXHQFHDQGLQGXVWULDOQRLVH6WUDLJKWVWDFNLQJOLQHVZLWKD&RPPRQGHSWK
SRLQW &'3 VSDFLQJ RI  P ZHUH XVHG ZKHQ DSSO\LQJ WKH JHRPHWU\ )LUVW EUHDNV ZHUH
JHQHUDOO\RIJRRGTXDOLW\DORQJWKHSURILOHVDQGWKHVHZHUHILUVWSLFNHGDXWRPDWLFDOO\DQGWKHQ
PDQXDOO\LQVSHFWHGDQGFRUUHFWHGZKHUHQHHGHG)XUWKHUPRUHZHXVHGWKHILUVWDUULYDOSLFNV
WRHVWLPDWHUHIUDFWLRQVWDWLFFRUUHFWLRQV'HDGDQGQRLV\UHFRUGWUDFHVZHUHUHPRYHGIURPWKH
GDWD
3ULRUWRVWDFNLQJWKHGDWDZHDSSOLHGVRPHILOWHULQJWRLQFUHDVHWKHVLJQDOWRQRLVHUDWLR
VXFKDV VSHFWUDO HTXDOL]DWLRQ:LHQHU GHFRQYROXWLRQ DQGEDQGSDVV ILOWHULQJ$IWHU VWDFNLQJ
WKHGDWDDORQJWKHSURILOHVWKH\ZHUHPLJUDWHGXVLQJDILQLWHGLIIHUHQFHDOJRULWKP)LQDOO\ZH
HVWLPDWHGYHORFLW\ IXQFWLRQVIRUHDFK OLQH WRFRQYHUW WKHPLJUDWHGVHFWLRQ WRDQDSSUR[LPDWH
GHSWKVHFWLRQ7RGHWHUPLQHWKHYHORFLW\PRGHOIRUGHSWKFRQYHUVLRQZHXVHGDFRPELQDWLRQ
RIVWDFNLQJYHORFLWLHVZHOOGDWDDQGYHORFLW\LQIRUPDWLRQIURPWKHILUVWDUULYDOVLQWKHSUHVWDFN
VHLVPLFGDWD)RU/LQHVDQGODWHUDOO\YDULDEOHYHORFLW\PRGHOVZHUHVSHFLILHGZKLOHRQ
/LQHD'YHORFLW\PRGHOZDVXVHG
3HWURSK\VLFDOGDWDDQGV\QWKHWLFVHLVPRJUDP
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
$QLPSRUWDQWJRDORIVHLVPLFGDWDLQWHUSUHWDWLRQLVWRPDSWKHVXEVXUIDFHJHRORJ\VXFK
DV WKH GHSWK WR OLWKRORJLFDO XQLWV WKH WKLFNQHVVHV RI IRUPDWLRQV DQG WR GHILQH VXEVXUIDFH
VWUXFWXUHV+RZHYHUWKHVHLVPLFGDWDFRQVLVWRILPDJHVRIWKHVXEVXUIDFHDQGLQWHUSUHWDWLRQ
RIJHRORJLFDOVWUXFWXUHVJHQHUDOO\UHTXLUHVZHOOVRUGULOOFRUHVZLWKLQRUQHDUWKHVHLVPLFVXUYH\
DUHDIRUFRPSDULVRQ$V\QWKHWLF WUDFHEDVHGRQZHOO ORJV LVDVLPSOHPHWKRGIRUFDOLEUDWLQJ
WKH VHLVPLF GDWD 9LVXDO PDWFKLQJ RI WKH VHLVPLF GDWD DQG WKH V\QWKHWLF WUDFH DOORZV
LGHQWLILFDWLRQRINH\UHIOHFWRUV7RJHQHUDWHWKHV\QWKHWLFVHLVPRJUDPVRQLFDQGGHQVLW\ORJV
IURP WKH VHOHFWHG ZHOO DUH UHTXLUHG ,I WKHVH DUH ODFNLQJ D V\QWKHWLF VHLVPRJUDPPD\ EH
JHQHUDWHGEDVHGRQWKHOLWKRORJLHVRIWKHZHOODQGPHDVXUHPHQWVRQWKHFRUH
,Q WKH VWXG\ DUHD ILYH ZHOOV ZHUH GULOOHG E\ ,JUHQH $% DQG IRXU RI WKHVH ZHUH
JHRSK\VLFDOO\ ORJJHG E\0XKDPDG HW DO  7KH0RUD  DQG 9DWWXP\UD 3URGXFWLRQ
ZHOOV DUH FORVH WR HDFK RWKHU )LJ  DQG ORJJHG WR DSSUR[LPDWHO\  P DQG  P
UHVSHFWLYHO\7KHV\QWKHWLFVHLVPRJUDPIURPWKH0RUDZHOOJHQHUDWHGE\0XKDPDGHWDO
 LV XVHG LQ WKLV VWXG\ WR WLH ZLWK VHLVPLF /LQH  7KH0RUD09ZHOO ZDV GULOOHG WR
DSSUR[LPDWHO\PGHSWKEXWZDVQRW ORJJHG7KHFRUHER[HVKRZHYHUZHUH LQVSHFWHG
DQGDSUHOLPLQDU\GRFXPHQWDWLRQZDVPDGHDVGHVFULEHGDERYH
6LQFHQRJHRSK\VLFDOVRQLFDQGGHQVLW\ORJVZHUHDYDLODEOHIRUWKH0RUD90ZHOOZH
XVHG3ZDYHYHORFLW\DQGGHQVLW\PHDVXUHPHQWVIURPWKHFRUHVDPSOHVWRJHQHUDWHEORFNHG
SVHXGRYHORFLW\DQGGHQVLW\ORJV7KHYHORFLW\IXQFWLRQZDVFRQYHUWHGWRDWLPHIXQFWLRQZLWK
D PV VDPSOLQJ LQWHUYDO )LJ  )XUWKHUPRUH WKH DFRXVWLF LPSHGDQFH DQG WKH UHIOHFWLRQ
FRHIILFLHQW RI WKH 0RUD 90 ZHOO OLWKRORJLHV ZHUH FDOFXODWHG )RU JHQHUDWLQJ WKH V\QWKHWLF
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
WUDFHZHXVHGD5LFNHUZDYHOHWDVDVRXUFH IXQFWLRQZLWKDGRPLQDQW IUHTXHQF\RI+]
)LJ
)LJXUHVKRZVWKDWWKHKLJKHVWDPSOLWXGHUHIOHFWLRQLVJHQHUDWHGEHWZHHQWKH6LOXULDQ
DQG2UGRYLFLDQURFNVDWDERXWV$ODUJHLQFUHDVHLQYHORFLW\RFFXUVDWWKHGHSWKRI
PRQWKHYHORFLW\ORJ0XKDPDGHWDODOVRFRQFOXGHGWKDWWKHERXQGDU\EHWZHHQWKH
6LOXULDQ DQG 2UGRYLFLDQ VXFFHVVLRQV LQ WKH 0RUD  ZHOO ZDV H[SHFWHG WR JHQHUDWH WKH
KLJKHVW DPSOLWXGH UHIOHFWLRQ LQ WKH DUHD )XUWKHUPRUH WKH ERXQGDU\ EHWZHHQ WKH IHOVLFDQG
PDILFURFNVLVH[SHFWHGWRJHQHUDWHDUHODWLYHO\VWURQJUHIOHFWLRQDWVFRUUHVSRQGLQJWR
DGHSWKRIP)LJ7KHERXQGDU\EHWZHHQWKH2UGRYLFLDQDQGIHOVLFEDVHPHQWURFNVLV
DQWLFLSDWHGWRJHQHUDWHRQO\DYHU\ORZDPSOLWXGHUHIOHFWLRQDWYHUWLFDOLQFLGHQFHLQWKLVDUHD
*UDYLW\GDWDDFTXLVLWLRQSURFHVVLQJDQGPRGHOLQJ
*UDYLW\GDWDZHUHDFTXLUHGLQDORQJ/LQHSRLQWVXVLQJD/DFRVWH5RPEHUJ
*JUDYLPHWHUZLWKDVWDWLRQVSDFLQJRIDERXW±P)LJ7KHJUDYLW\SRLQWVZHUH
VXUYH\HGE\DQ0.&KDPHOHRQGLIIHUHQWLDO*36 '*36 LQVWUXPHQWZLWKDKLJKDFFXUDF\
SDUWLFXODUO\ LQ RSHQ WHUUDLQV KRUL]RQWDOO\   FP YHUWLFDOO\   FP $ EDVH VWDWLRQ ZDV
HVWDEOLVKHGDORQJWKHOLQHDQGZDVVXUYH\HGDWWKHEHJLQQLQJDQGHQGRIWKHJUDYLW\VXUYH\
:HDSSOLHGWKHVWDQGDUGFRUUHFWLRQVWRWKHJUDYLW\PHDVXUHPHQWV7KH%RXJXHUDQRPDO\ZDV
FDOFXODWHGXVLQJDXQLIRUPUHIHUHQFHGHQVLW\RIJFPDQGDPGDWXP
:HXVHGWKHVHJUDYLW\GDWDDORQJ/LQHWRJHWKHUZLWKDGGLWLRQDOJUDYLW\GDWDSURYLGHG
E\WKH*HRORJLFDO6XUYH\RI6ZHGHQ6*8LQWKHVWXG\DUHDWRJHQHUDWHD%RXJXHUDQRPDO\
PDS )LJ  7KH %RXJXHU DQRPDO\ PDS UHSUHVHQWV WKH GLIIHUHQFHV LQ PDVV ZLWKLQ WKH
VXEVXUIDFHZKLFKDULVHIURPYDULDWLRQVLQURFNGHQVLWLHV,WFDQEHFRQVLGHUHGWREHPDGHXS
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
RIDORQJZDYHOHQJWKUHJLRQDOILHOGDQGDVKRUWHUZDYHOHQJWKUHVLGXDOILHOG7KHUHJLRQDOILHOG
LV JHQHUDOO\ GXH WR GHHSHU VWUXFWXUHV ZKLOH WKH UHVLGXDO ILHOG JHQHUDOO\ UHSUHVHQWV VKDOORZ
VXEVXUIDFH VWUXFWXUHV (O%DWURXNK	 =HQWDQL  /L 	2OGHQEXUJ 1DELJKLDQ HW DO
 ;X HW DO  &HOOD 	 )HGL  ,Q RUGHU WR VHSDUDWH WKH UHVLGXDO ILHOG IURP WKH
UHJLRQDOILHOGZHFDOFXODWHGWKHUHJLRQDODQRPDO\PDSE\ILWWLQJDTXDGUDWLFSRO\QRPLDORIQG
RUGHU WR WKHGDWD )LJ7KHQ WKH UHVLGXDODQRPDO\PDSZDVREWDLQHGE\VXEWUDFWLQJ WKH
UHJLRQDO DQRPDO\ PDS IURP WKH %RXJXHU DQRPDO\ PDS )LJ  :H XVHG WKH UHVLGXDO
DQRPDO\PDSDVDEDVLVIRU'IRUZDUGPRGHOLQJDORQJWKHSURILOH$'PRGHOLVDWZR
GLPHQVLRQDOPRGHOZLWKWKHERGLHVUHVWULFWHGLQWKHLUH[WHQVLRQSHUSHQGLFXODUWRWKHSURILOH,Q
RXUFDVHWKHERGLHVH[WHQGHGPRQHDFKVLGHRIWKHSURILOH$]HURGHQVLW\FRQWUDVWZDV
XVHGDVEDFNJURXQGIRUWKHPRGHOLQJ
5HVXOWVDQGLQWHUSUHWDWLRQV
,Q WKLVVHFWLRQZHSUHVHQWRXU LQWHUSUHWDWLRQRI WKHIRXUVHLVPLFSURILOHV$V WKHUH LVD
FRQVLGHUDEOH ULVN RI RYHULQWHUSUHWLQJ WKHVH GDWD ZH KDYH RSWHG WR SUHVHQW VLPSOLILHG
LQWHUSUHWDWLRQV IRFXVLQJRQ WKH IHDWXUHVZKLFKZH IHHO FDQEH LQWHUSUHWHGZLWK WKHJUHDWHVW
FRQILGHQFH ,W VKRXOG EH QRWHG KRZHYHU WKDW LW LV SRVVLEOH WR LQWHUSUHW WKH GDWD TXLWH
GLIIHUHQWO\DQGVWLOOKRQRUDOODYDLODEOHGDWD
$QXPEHURIFOHDUVHLVPLFUHIOHFWLRQVFDQEHREVHUYHGRQWKHGHSWKFRQYHUWHGVHLVPLF
OLQHV)LJVDQG+RZHYHU WKHVHUHIOHFWLRQVDUH W\SLFDOO\QRWYHU\FRQWLQXRXVDQG
FDQQRW EH FOHDUO\ FRUUHODWHG DFURVV WKH VHLVPLF VHFWLRQV 7KH TXDOLW\ RI WKH VHLVPLF LPDJH
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
DOVRYDULHVDORQJWKHVHLVPLFOLQHVZKLFKOLNHO\LVGXHWRFKDQJHVLQQHDUVXUIDFHFRQGLWLRQV
HQYLURQPHQWDO QRLVH DQG WKH YDULDEOH PD[LPXP RIIVHW EHWZHHQ WKH VRXUFH DQG UHFHLYHU
7KHUHIRUH GHVSLWH WKH DYDLODELOLW\ RIZHOO GDWD WKH LQWHUSUHWDWLRQ RI WKH VHLVPLF GDWD LV VWLOO
KLJKO\VXEMHFWLYH
/LQH  )LJ  H[KLELWV PRVW UHIOHFWLRQV RI DOO IRXU VHLVPLF OLQHV LQ WKLV VWXG\ 7KH
UHIOHFWLRQV DUH GLVFRQWLQXRXV DQG DUH FRQFHQWUDWHG LQ WKH XSSHU  P RI WKH VHFWLRQ
7RZDUGV1(WKHUHIOHFWLRQVDSSHDUWRSUHGRPLQDQWO\GLSWRWKH6:ZKLOHLQWKHFHQWHURIWKH
OLQH DQG LQ 6: WKH UHIOHFWLRQV DUH PRUH KRUL]RQWDO RU GLSSLQJ WR WKH 1( ,Q SODFHV WKHVH
GLSSLQJ UHIOHFWLRQV DSSHDU WR EH FXW E\ OLQHDU GLVFRQWLQXLWLHV VRPH RI ZKLFK KDYH EHHQ
LQWHUSUHWHGDVIDXOWSODQHV/LWKRORJLFDODQGOLWKRVWUDWLJUDSKLFGDWDIRUWKH0RUD09ZHOODUH
DQQRWDWHGRQWKHVHLVPLFVHFWLRQ)LJ7KHKRUL]RQWDOOLQHVRQWKHORJLQGLFDWHWKDWDODUJH
SRUWLRQRIWKHURFNVLQWKHFRUHLVKHDYLO\IDXOWHGDQGFRQVLVWVRIDSDFNDJHRILPSDFWUHODWHG
WKUXVWVKHHWV UDQJLQJ LQVFDOH IURPPLOOLPHWHUV WRKXQGUHGVRIPHWHUV7KH ORFDWLRQRI WKH
EDVHPHQWLQWKH0RUD09ZHOOFRUUHVSRQGVWRVRPHYHU\ZHDNGLVFRQWLQXRXVHYHQWVDWWKH
EDVHRIWKHVHFWLRQDQGWKHWUDQVLWLRQIURPDPRUHUHIOHFWLYHLQWHUYDOVHGLPHQWDU\VWUDWDLQWKLV
FDVH WR D OHVV UHIOHFWLYH LQWHUYDO EDVHPHQW LQ WKLV FDVH 7KHUHIRUH ZH KDYH WHQWDWLYHO\
LQWHUSUHWHG WKH EDVHPHQW DFURVV WKH VHFWLRQ EDVHG RQ WKHVH ZHDN HYHQWV DQG RQ WKH
WUDQVLWLRQIURPDUHIOHFWLYHWRDQRQUHIOHFWLYHVHTXHQFH
,W LV WHPSWLQJ WR LQWHUSUHW WKH VHLVPLF HYHQWV LQ WKH XSSHU SDUW RI WKH VHFWLRQ DV DQ
LQGLFDWLRQRIEHGGLQJDQGWRXVHWKHPWRWUDFHWKHWRSRIWKH2UGRYLFLDQDZD\IURPWKHZHOO
7KLVZRXOGVXJJHVWDQ2UGRYLFLDQWRSGLSSLQJ6:DQGKHQFHDWKLQQLQJVHTXHQFHDORQJWKH
OLQH7KLV LVFRQVLVWHQWZLWKVXUIDFHJHRORJ\ZKHUH2UGRYLFLDQVWUDWDRXWFURS1(RI/LQH
+RZHYHULWLVSHUKDSVPRUHOLNHO\WKDWWKHVHLVPLFUHIOHFWLRQVZKLFKDUHDEXQGDQWLQWKLVSDUW
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
RI WKH VHFWLRQ LQVWHDGDUH UHODWHG WR WKH OLWKRORJLFDO FRQWUDVWVDORQJ WKH IDXOW SODQHV ,Q WKLV
FDVHWKHUHIOHFWLRQVZRXOGSURYLGHDQLPDJHRIWKHVWUXFWXUHDQGJHRPHWU\RIWKHSDFNDJHRI
WKUXVWHGVOLFHVLQVWHDGRIWKHRULJLQDOEHGGLQJSODQHVZLWKLQWKHVHTXHQFH,WLVFOHDUWKDWDQ\
FRUUHODWLRQRIWKH2UGRYLFLDQDFURVVWKHVHFWLRQZRXOGEHKLJKO\VSHFXODWLYHDQGKHQFHZHGR
QRWSUHVHQWDSUHIHUUHGLQWHUSUHWDWLRQRIWKLVKRUL]RQKHUH
7KHGHSWKFRQYHUWHGVHLVPLFVHFWLRQDQGLQWHUSUHWDWLRQRI/LQHLVVKRZQLQ)LJXUH
7R WKH 1( RI WKH OLQH WKHUH LV D SDFNDJH RI UHODWLYHO\ KLJK DPSOLWXGH DQG FRQWLQXRXV
UHIOHFWLRQV ORFDWHGEHWZHHQ&'3VDQGDWDGHSWKRIDURXQGP%DVHGRQ WKH
GDWDIURPWKH0RUDZHOOWKHVHUHIOHFWLRQVDSSHDUWRFRUUHVSRQGWRWKHEDVHPHQWDQGWRS
2UGRYLFLDQ LQWHUIDFHV UHVSHFWLYHO\ 7KHUH DSSHDUV WR EH D GLVFRQWLQXLW\ PDUNLQJ WKH
WHUPLQDWLRQRIWKLVJURXSRIUHIOHFWLRQVDWDSSUR[LPDWHO\&'3ZKLFKZHKDYHLQWHUSUHWHG
DVDIDXOWSODQH$VWKHVHTXHQFHLQWKH0RUDZHOODSSHDUVWREHUHODWLYHO\XQIDXOWHGLWLV
OLNHO\WKDWWKLVUHJLRQRIFRQWLQXRXVVHLVPLFHYHQWVUHSUHVHQWVDGLVWLQFWUHODWLYHO\XQGLVWXUEHG
IDXOW EORFN +HQFH ZH VXJJHVW WKDW WKH UHIOHFWLRQV DURXQG WKH 0RUD  ZHOO DUH
UHSUHVHQWDWLYH RI WKH RULJLQDO EHGGLQJ RI WKH VHGLPHQWDU\ VHTXHQFH 7R WKH 6: RI WKH
LQWHUSUHWHGIDXOWSODQHWKHVHLVPLFDSSHDUVWREHUHODWLYHO\GLVFRQWLQXRXVZLWKRQO\WZRDUHDV
RIKLJKUHIOHFWLYLW\DWDSSUR[LPDWHO\&'3DQG&'3DWGHSWKVEHWZHHQDQG
P ,Q WKH0RUDZHOO WKHEDVHPHQW FDQEHFRUUHODWHGZLWK VRPHFRQILGHQFHXS WR WKH
IDXOW ZKHUH LW DSSHDUV WR EH VXEKRUL]RQWDO 7R WKH 6: RI WKH IDXOW LQWHUSUHWDWLRQ RI WKH
EDVHPHQWLVPRUHXQFHUWDLQDVQRFOHDUFRQWLQXRXVHYHQWVFDQEHFRUUHODWHGWRWKHEDVHPHQW
LQWKH0RUD90ZHOO,QWKHDEVHQFHRIDVWURQJUHIOHFWLRQZHKDYHLQWHUSUHWHGWKHEDVHPHQW
WREHDSSUR[LPDWHO\VXEKRUL]RQWDOWRWKH6:RIWKHVHFWLRQSDUDOOHOLQJWKHVWURQJUHIOHFWLRQV
LQWKHVKDOORZHUSDUWRI WKHSURILOH:HLQWHUSUHW WKHPGLIIHUHQFHLQEDVHPHQWGHSWKRQ
WKLVOLQHWREHGXHWRWKHIDXOWDW&'3,WLVFOHDUEDVHGRQWKHJHRPHWU\RIWKHIDXOWWKDW
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WKHEDVHPHQWKDVEHHQVXEMHFWHGWRQRUPDOGLVSODFHPHQW+RZHYHUVRPHRIWKHUHIOHFWLRQV
LQ WKH VKDOORZHU VHFWLRQ WR WKH 6: RI WKH IDXOW SODQH DSSHDU WR EH FXUYHG LQIHUULQJ VRPH
GHJUHH RI FRPSUHVVLRQ ,W VKRXOG EH QRWHG WKDW WKHVH DSSDUHQW FRPSUHVVLYH IHDWXUHV DUH
FOHDUHURQ/LQH)LJZKLFKDOVRLQWHUVHFWVWKLVIDXOW:HWKHUHIRUHLQWHUSUHWWKLVWREHD
QRUPDOIDXOWZKLFKKDVODWHUEHHQLQYHUWHG,WLVFOHDUIURPWKHZHOOLQIRUPDWLRQWKDWWKHURFNV
DUH VLJQLILFDQWO\ PRUH GLVWXUEHG LQ WKH 0RUD 90 ZHOO WKDQ LQ WKH 0RUD  ZHOO :H
WKHUHIRUH VXJJHVW WKDW WKH ODUJH IDXOW DW &'3  RQ WKLV OLQH VHSDUDWHV WZR GLVWLQFW IDXOW
EORFNVZLWKYHU\GLIIHUHQWGHJUHHVRIGHIRUPDWLRQ7KHKLJKHUGHJUHHRIVWUXFWXUDOFRPSOH[LW\
FRXOGH[SODLQWKHGLIIHUHQFHLQUHIOHFWLYLW\EHWZHHQWKH6:DQG1(VLGHVRIWKHSURILOHDVWKH
UHODWLYHO\ XQGHIRUPHG VHTXHQFH FORVH WR WKH 0RUD  ZHOO ZRXOG EH H[SHFWHG WR JLYH D
VWURQJHUDQGPRUHFRQWLQXRXVVHLVPLFUHVSRQVHJLYHQWKHDFTXLVLWLRQJHRPHWU\RIRXUVXUYH\
)LJXUHVKRZVWKHGHSWKFRQYHUWHGVHLVPLFGDWDDQGLQWHUSUHWDWLRQIRU/LQH1RZHOO
GDWDDUHDYDLODEOHRQWKLV OLQHWRKHOSFRQVWUDLQWKH LQWHUSUHWDWLRQ%DVHGRQWKH LQWHUVHFWLRQ
ZLWK/LQHZHVXJJHVWWKDWWKH1:SDUWRIWKHSURILOHLVSDUWRIWKHUHODWLYHO\XQGHIRUPHGIDXOW
EORFN ZKLFK WKH 0RUD  ZHOO LQWHUVHFWV +HQFH WKH UHODWLYHO\ FRQWLQXRXV SDFNDJH RI
UHIOHFWLRQVEHWZHHQ&'3DQGDWDGHSWKRIPDUHWKRXJKWWREHDVVRFLDWHGZLWK
WKH2UGRYLFLDQVHTXHQFH7KHPDMRUIDXOW LQWHUSUHWHGRQ/LQH LVDOVRYLVLEOHRQWKLV OLQHDW
&'3  VXJJHVWHG E\ WKH WHUPLQDWLRQ RI WKH UHIOHFWLRQV RQ HLWKHU VLGH RI WKH IDXOW SODQH
%DVHGRQWKHLQWHUSUHWDWLRQDORQJ/LQHVDQGWKLVIDXOWDSSHDUVWRVWULNH(±:DQGGLSWRWKH
VRXWK7REHFRQVLVWHQWZLWK/LQHZHKDYH LQWHUSUHWHG WKHEDVHPHQW WREHVXEKRUL]RQWDO
DFURVVWKHSURILOHDQGWRKDYHDSSUR[LPDWHGHSWKVRIPDQGPRQWKH6(DQG1:
VLGHV RI WKH IDXOW UHVSHFWLYHO\ $V RQ /LQH  ZH REVHUYH QRUPDO GLVSODFHPHQW DW WKH
EDVHPHQW OHYHOEXW LQGLFDWLRQVRIFRPSUHVVLRQ LQ WKHVKDOORZHU UHIOHFWLRQV WR WKH6(RI WKH
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IDXOWSODQH+RZHYHURQ WKLV OLQH WKHFXUYDWXUHRI WKHUHIOHFWLRQV LVPRUHSURPLQHQW WKDQRQ
/LQHZLWKDQDQWLFOLQHFOHDUO\REVHUYHG6(RIWKHPDLQIDXOW
7KH GHSWKFRQYHUWHG VHLVPLF IRU /LQH  LV VKRZQ LQ )LJXUH  7KLV OLQH H[KLELWV WKH
ZHDNHVWVHLVPLFUHVSRQVHRIWKHIRXUOLQHVLQWKHVWXG\DUHD2QO\RQHVWURQJUHIOHFWLRQLQWKH
FHQWHU RI WKH SURILOH DW DSSUR[LPDWHO\  P GHSWK FDQ EH REVHUYHG 7KH SRRU VHLVPLF
UHVSRQVHFRXOGEHGXHWRDFRPELQDWLRQRIKLJKO\FRPSOH[VXEVXUIDFHVWUXFWXUHVXERSWLPDO
VHLVPLF DFTXLVLWLRQ SDUDPHWHUV DQG SRRU QHDU VXUIDFH FRQGLWLRQV *LYHQ WKH VWUXFWXUDO
FRPSOH[LW\ LQGLFDWHGE\WKH0RUD90ZHOODQGWKH ODFNRIUHIOHFWLYLW\RQWKLV OLQHZKLFKGR
QRWZDUUDQWPHDQLQJIXOLQWHUSUHWDWLRQZHRQO\SUHVHQWXQLQWHUSUHWHGGDWD
'LVFXVVLRQ
$OWKRXJKWKHLQWHUSUHWDWLRQVSUHVHQWHGKHUHIRU/LQHVDQGDUHVLPSOLILHGZHDUH
DEOH WR LGHQWLI\ VHYHUDO GLVWLQFW IDXOW EORFNV ZLWK GLIIHUHQW GHJUHHV RI VWUXFWXUDO FRPSOH[LW\
7KHVH IDXOWEORFNVDQG IDXOWVDSSHDU WREHFRQVLVWHQWEHWZHHQ WKHVHLVPLF OLQHV)LJXUH
VKRZVWKHORFDWLRQRIWKHPDMRUIDXOWVDQGIDXOWEORFNVLQWHUSUHWHGLQWKLVVWXG\ZLWKUHVSHFWWR
VXUIDFHJHRORJ\DQGVHLVPLFSURILOHV:HKDYHLQWHUSUHWHGWKUHHPDMRUIDXOWEORFNVVHSDUDWHG
E\WZR(±:VWULNLQJIDXOWV7KHIDXOWLQWHUSUHWHGWRH[LVWEHWZHHQ/LQHVDQGLVQRWH[SOLFLWO\
REVHUYHG LQ WKH VHLVPLF GDWD EXW LV LQIHUUHG WR EH WKH ERXQGDU\ EHWZHHQ WKH UHODWLYHO\
XQGHIRUPHGVHTXHQFH1:RI/LQHDQGWKHKHDYLO\GHIRUPHGUHJLRQDORQJ/LQH$Q(±:
VWULNHPD\FRUUHVSRQGWRWKH(1(±:6:VWULNLQJIDXOWRQWKHVXUIDFHJHRORJ\PDSORFDWHGWR
WKHQRUWKRIWKHVXUYH\DUHD,WDSSHDUVWKDWWKHURFNVRIWKHVRXWKHUQPRVWEORFNLQWHUVHFWHG
E\ WKH 0RUD 90 ZHOO DQG QRUWKHUQPRVW EORFN LQWHUVHFWHG E\ WKH 0RUD 09 ZHOO DUH
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KHDYLO\ GHIRUPHG 7KH URFNV RI WKH FHQWUDO EORFN LQWHUVHFWHG E\ WKH 0RUD  ZHOO DUH
LQWHUSUHWHGWREHUHODWLYHO\XQGHIRUPHG
7KHTXDOLW\RIWKHVHLVPLFLPDJHVREWDLQHGDORQJWKHOLQHVLVYDULDEOHZKLFKJLYHVULVH
WRVLJQLILFDQWXQFHUWDLQW\LQWKHLQWHUSUHWDWLRQRIWKHGDWD'HVSLWHWKLVWKHUHDUHDQXPEHURI
IHDWXUHV LQ WKHGDWDZKLFKPD\EHFRUUHODWHGZLWK WKHDYDLODEOHZHOO GDWD WRPDNHD VHWRI
LQWHUHVWLQJREVHUYDWLRQVDERXWWKHQDWXUHRIWKHVHGLPHQWDU\VWUDWDLQWKLVDUHD$OWKRXJKWKH
GHWULPHQWDO HIIHFWV RI HQYLURQPHQWDO QRLVH DQG QHDU VXUIDFH FRQGLWLRQV DUH VRPHZKDW
XQDYRLGDEOH ZKHQ DFTXLULQJ VHLVPLF GDWD LW LV OLNHO\ WKDW D EHWWHU LPDJH FRXOG KDYH EHHQ
REWDLQHGDORQJWKHVHOLQHVLIDORQJHUUHFHLYHUVSUHDGKDGEHHQXWLOL]HG
7KHPDMRUIDXOWLQWHUSUHWHGRQ/LQHVDQGLVRQHRIWKHIHDWXUHVLQWKHVHLVPLFGDWD
ZKLFKPD\ EH LQWHUSUHWHGZLWK D KLJKHU GHJUHH RI FRQILGHQFH 7KH IDXOW DSSHDUV WR LQLWLDOO\
KDYHEHHQQRUPDOEXWODWHULQYHUWHGLPSO\LQJDSHULRGRIH[WHQVLRQIROORZHGE\FRPSUHVVLRQ
7KLVFRXOGEHH[SODLQHGE\DSHULRGRIH[WHQVLRQGXULQJWKHLPSDFWPRGLILFDWLRQVWDJHZKHQ
PDWHULDO EHJDQ WRPRYH WRZDUGV WKHFHQWHURI WKH LPSDFWDV WKH WUDQVLHQW FUDWHU FROODSVHG
&RPSUHVVLRQFRXOG WKHQKDYHRFFXUUHGDW WKHYHU\HQGRI WKHPRGLILFDWLRQVWDJHZKHQWKH
PDWHULDOVOLGLQJWRZDUGVWKHFUDWHUFHQWHUFDPHWRDQDEUXSWVWRS
$VZHOO DV GHJUHHRI GHIRUPDWLRQ WKH W\SHRI OLWKRORJ\ HQFRXQWHUHGDSSHDUV WR YDU\
VLJQLILFDQWO\EHWZHHQIDXOWEORFNV)RUH[DPSOH LQ WKH0RUD90ZHOOPRXQGIDFLHVZKLFK
DUHREVHUYHGLQQHLWKHUWKH0RUD09QRU0RUDZHOOV7KH2UGRYLFLDQVWUDWDLQWKH0RUD
09 ZHOO DSSHDU WR EH SUHGRPLQDQWO\ VKDOHV ZKHUHDV WKRVH LQ WKH 0RUD  ZHOO DUH
SUHGRPLQDQWO\OLPHVWRQH7KLVLPSOLHVWKDWVWUDWDLQWKHGLIIHUHQWIDXOWEORFNVZHUHWUDQVSRUWHG
VRPHGLVWDQFHGXULQJ WKH LPSDFW SURFHVV OHDGLQJ WR MX[WDSRVLWLRQRI URFNV RULJLQDWLQJ IURP
GLIIHUHQW SUHLPSDFW ORFDWLRQV 7KH DOORFKWRQRXV %RGD PRXQG IDFLHV DUH W\SLFDOO\ RQO\
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REVHUYHG LQ WKHFHQWUDOHDVWHUQQRUWKHDVWHUQDQGQRUWKHUQSDUWVRI WKH6LOMDQ5LQJ)LJ
7KLV LPSOLHV WKDW WKH\ ZHUH WUDQVSRUWHG JUHDW GLVWDQFHV GXULQJ WKH LPSDFW 7KLVPD\ KDYH
RFFXUUHGLIWKH\ZHUHHMHFWHGLQWRWKHDLUIURPVRPHZKHUHFORVHWRWKHFHQWHURIWKHULQJDQG
VXEVHTXHQWO\ ODQGHG LQ WKH VWXG\ DUHD $OWHUQDWLYHO\ WKHVH PRXQG IDFLHV ZKLFK PD\ EH
FRQVLGHUHGDVOHQVHVRIUHODWLYHO\KDUGDQGFRPSHWHQWOLPHVWRQHZHUHIRUFHGJUHDWGLVWDQFHV
WKURXJKPRUHSODVWLFVKDOHVHTXHQFHV
7KH GHQVLW\ PHDVXUHPHQWV IURP WKH 0RUD 90 FRUH VDPSOHV 7DEOH  DQG WKH
OLWKRORJ\RIWKHZHOOV0RUD9DWWXP\UD3URGXFWLRQDQG0RUD90ZHUHXVHGWRFRQVWUXFW
DIRUZDUGPRGHORIWKHVXEVXUIDFHJHRORJ\$GGLWLRQDOO\ZHXVHGWKHLQWHUSUHWDWLRQRXWOLQHGLQ
WKHGHSWKFRQYHUWHGVHLVPLFVHFWLRQDORQJ/LQH)LJ)LJXUHVKRZVWKHGHQVLW\PRGHO
DORQJ/LQHZLWK WKHJUDYLW\DQRPDO\ LQFUHDVLQJ IURPVRXWKZHVW WRQRUWKHDVW7KHEHVW ILW
EHWZHHQ WKHGHQVLW\PRGHO UHVSRQVHDQG WKHPHDVXUHGGDWDZDVREWDLQHGXVLQJ WKH OD\HU
GHQVLW\ FRQWUDVWV  JFP DQG  JFP IRU 3DOHR]RLF DQG EDVHPHQW URFNV
UHVSHFWLYHO\7KHJHQHUDO WUHQG LQ WKHJUDYLW\DQRPDO\ LV UHFUHDWHGE\ WKHPRGHOZKLOH WKH
VKRUWHUZDYHOHQJWK DQRPDOLHV DUH QRWPDWFKHG ,W LV SRVVLEOH WR ILW WKHVH VKRUWZDYHOHQJWK
DQRPDOLHVE\LQWURGXFLQJDWKLQQHDUVXUIDFHOD\HURIYDULDEOHWKLFNQHVVZLWKDKLJKQHJDWLYH
GHQVLW\ FRQWUDVW 0XKDPDG  6XFK D OD\HU ZRXOG FRUUHVSRQG WR WKH UHFHQW JODFLDO
GHSRVLWV 7KH GHQVLW\ PRGHO DORQJ WKLV SURILOH VKRZV VLJQLILFDQW FKDQJHV LQ VXEVXUIDFH
JHRORJ\ ERWK KRUL]RQWDOO\ DQG YHUWLFDOO\ )LJ  )XUWKHUPRUH WKH WKLFNQHVVHV RI WKH
3DOHR]RLF URFNVDUH WKLFNHVW LQ WKHVRXWKZHVWHUQDQG WKLQQHVW LQ WKHQRUWKHDVWHUQSDUW7KLV
GHQVLW\PRGHOLVFRQVLVWHQWZLWKWKHVHLVPLFLQWHUSUHWDWLRQ
&RQFOXVLRQV
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3HWURSK\VLFDO PHDVXUHPHQWV RQ FRUH IURP WKH0RUD 90 ZHOO SURYLGHG D EDVLV WR
JHQHUDWH D V\QWKHWLF VHLVPRJUDP WR WLH ZLWK WKH VHLVPLF VHFWLRQV 'HVSLWH VLJQLILFDQW
XQFHUWDLQW\LQWKHVHLVPLFLQWHUSUHWDWLRQJURXQGJUDYLW\GDWDFRPELQHGZLWKZHOOGDWDSURYLGH
YDOXDEOH LQIRUPDWLRQ WR KHOS JDLQ LQVLJKW LQWR WKH FRPSOH[ QDWXUH RI WKH VXEVXUIDFH LQ WKLV
DUHD:HKDYH LGHQWLILHGGLIIHUHQW IDXOWEORFNV LQ WKHDUHD7KH URFNV LQ WZRRI WKHVH IDXOW
EORFNV LQWHUVHFWHG E\ WKH0RUD90DQG0RUD09ZHOOV DSSHDU WR EH KLJKO\ GHIRUPHG
ZKLOHWKRVHLQDEORFNLQWHUVHFWHGE\WKH0RUDZHOODSSHDUWREHUHODWLYHO\XQGLVWXUEHG$
PDMRUIDXOW LQWHUVHFWVERWK/LQHVDQGDQGDSSHDUVWR LQLWLDOO\KDYHEHHQQRUPDOEXW ODWHU
LQYHUWHG7KHGHQVLW\PRGHOVKRZV WKDW WKHFU\VWDOOLQH URFNVDUHGHQVHU WKDQ WKH3DOHR]RLF
RQHVDORQJ/LQH7KHEDVHPHQWURFNVKDYHWKHKLJKHVWGHQVLW\FRQWUDVWDERXWJFP
UHODWLYHWRWKHEDFNJURXQGGHQVLW\
7KH VHLVPLF UHVXOWVDVZHOO DV WKH FRUH ORJ VWXGLHV GHPRQVWUDWH WKDW WKH ODUJHU IDXOW
EORFNV ZLWKLQ WKH LPSDFW VWUXFWXUH KDYH EHHQ DIIHFWHG GLIIHUHQWO\ E\ WKH LPSDFWUHODWHG
WHFWRQLFVSUHVXPDEO\GXH WRGLIIHUHQW OLWKRORJLFDO FRPSHWHQFHVRI WKHVHGLPHQWDU\ IDFLHV LQ
DUHDVZLWKGHHSHUZDWHUGHSRVLWLRQDOHQYLURQPHQWVWRWKHZHVWDQGDFDUERQDWHVKHOIZLWKODWH
2UGRYLFLDQ UHHIPRXQGV\VWHPV WR WKHHDVW7KHUHDUHKLJKO\GHIRUPHGGRPDLQVSUHVHQW LQ
DUHDV RI WKH VKDOH DQG PXGVWRQHGRPLQDWHG ZHVWHUQ 6LOMDQ 5LQJ VWUXFWXUH WKUXVWHG IDXOW
EORFNVDQG]RQHVSRVVLEO\FDXVHGE\ LQMHFWLRQVRI ULJLGEORFNVRULJLQDWLQJ IURPWKHRULJLQDO
LPSDFWVLWHWRWKHHDVW7KLVLVH[HPSOLILHGE\WKHSDUWO\VXEYHUWLFDOEORFNRI%RGD/LPHVWRQH
GHWHFWHG LQ 0RUD 90 ZHOO WKDW SUREDEO\ ZDV WKUXVWHG XSRQ DQ DXWRFKWKRQRXV /RZHU WR
8SSHU 2UGRYLFLDQ OLPHVWRQH VXFFHVVLRQ 2YHUWXUQHG DQG UHFXPEHQW IROGLQJ DQG LQWHUQDO
WKUXVWLQJLVREVHUYHGLQWKH0RUD09ZHOOZKLFKJLYHVULVHWRPXOWLSOHUHSHWLWLRQVRIPDLQO\
6LOXULDQDQG8SSHU2UGRYLFLDQIRUPDWLRQV
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$FNQRZOHGJHPHQWV
:HWKDQN ,JUHQH$%IRUSDUWO\ IXQGLQJ WKH ILHOGZRUNDQGSURYLGLQJ ORJLVWLFDOVXSSRUWGXULQJ
WKHDFTXLVLWLRQ7KHDXWKRUVZRXOGOLNHWRWKDQNWKH*HRORJLFDO6XUYH\RI6ZHGHQ6*8IRU
SURYLGLQJWKHJUDYLW\GDWD6HLVPLFGDWDSURFHVVLQJZDVFDUULHGRXWXVLQJ*/2%(&ODULWDV70
XQGHUOLFHQVHIURPWKH,QVWLWXWHRI*HRORJLFDODQG1XFOHDU6FLHQFHV/LPLWHG/RZHU+XWW1HZ
=HDODQG DQG JUDYLW\ GDWD PRGHOLQJ XVLQJ 0RGHO 9LVLRQ 3UR70 + 0XKDPDG ZRXOG OLNH WR
WKDQNWKH6DODKDGGLQ8QLYHUVLW\DQG0LQLVWU\RI+LJKHU(GXFDWLRQDQG6FLHQWLILF5HVHDUFKRI
.XUGLVWDQ5HJLRQIRUWKHLUVXSSRUWDQGIXQGLQJWRVWXG\DEURDG2/FRQWULEXWHGGXULQJKLVVWD\
DWWKH&]HFK8QLYHUVLW\RI/LIH6FLHQFHVLQ3UDJXHVXSSRUWHGE\WKH$OH[DQGHUYRQ+XPEROGW
)RXQGDWLRQ *HUPDQ\ DQG DW 1DQMLQJ ,QVWLWXWH RI *HRORJ\ DQG 3DODHRQWRORJ\ 1,*3$6
&KLQD DV D YLVLWLQJ SURIHVVRU +H LV JUDWHIXO IRU WKH VXSSRUW RI KLV UHVHDUFK LQ WKH 6LOMDQ
LPSDFWVWUXFWXUHE\WKH'HXWVFKH)RUVFKXQJVJHPHLQVFKDIW')*SURMHFW/(DQG
:HDOVRWKDQNWZRDQRQ\PRXVUHYLHZHUVDQGWKHHGLWRUZKRSURYLGHGYHU\FRQVWUXFWLYHDQG
FRQVFLHQWLRXVUHYLHZV
5HIHUHQFHV
$UVODQ $ 0HLQKROG * 	 /HKQHUW 2  2UGRYLFLDQ VHGLPHQWV VDQGZLFKHG EHWZHHQ
3URWHUR]RLFEDVHPHQWVOLYHUVWHFWRQLFVWUXFWXUHVLQWKH6WXPVQlVGULOOFRUHIURPWKH
6LOMDQ5LQJFHQWUDO6ZHGHQ*))±
%RGHQ$	(ULNVVRQ.*'HHS'ULOOLQJLQ&U\VWDOOLQH%HGURFN9RO7KH'HHS*DV
'ULOOLQJ LQ WKH6LOMDQ ,PSDFW6WUXFWXUH6ZHGHQDQG$VWUREOHPHV3URFHHGLQJV RI WKH
,QWHUQDWLRQDO6\PSRVLXP6SULQJHU9HUODJ%HUOLQSS
%URGLF % 0DOHKPLU $ -XKOLQ & '\QHVLXV / %DVWDQL 0 	 3DOP + 
0XOWLFRPSRQHQW EURDGEDQG GLJLWDOEDVHG VHLVPLF ODQG VWUHDPHU IRU QHDUVXUIDFH
DSSOLFDWLRQV-RXUQDORI$SSOLHG*HRSK\VLFV±
&HOOD ) 	 )HGL 0  ,QYHUVLRQ RI SRWHQWLDO ILHOG GDWD XVLQJ WKH VWUXFWXUDO LQGH[ DV
ZHLJKWLQJIXQFWLRQUDWHGHFD\*HRSK\VLFDO3URVSHFWLQJ±
&ROOLQL% *HRORJLFDO6HWWLQJRI WKH6LOMDQ5LQJ6WUXFWXUH'HHS'ULOOLQJ LQ&U\VWDOOLQH
%HGURFN,Q$%RGHQ	.*(ULNVVRQHGV'HHSGULOOLQJLQFU\VWDOOLQHEHGURFN
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 9RO  7KH 'HHS *DV 'ULOOLQJ LQ WKH 6LOMDQ ,PSDFW 6WUXFWXUH 6ZHGHQ DQG
$VWUREOHPHV3URFHHGLQJVRIWKH,QWHUQDWLRQDO6\PSRVLXP6SULQJHU9HUODJ%HUOLQ
'RQRIULR 55 2OVHQ .+ 9OLHUERRP )::LWVFKDUG ) 	 3HWHUVVRQ * 'HHS
*DV 6ZHGLVK SUHPLVHV WKH 6LOMDQ 5LQJ SURMHFW LQGHSHQGHQW H[SHUW HYDOXDWLRQ
6WRFNKROP9DWWHQIDOOSS
(O%DWURXNK 6, 	 =HQWDQL $6  *UDYLW\ LQWHUSUHWDWLRQ RI 5DJXED ILHOG 6LUWH EDVLQ
/LE\D*HRSK\VLFV±
(EEHVWDG-25	+|JVWU|P$(62UGRYLFLDQRIWKH6LOMDQGLVWULFW6ZHGHQ,Q
-25(EEHVWDG/0:LFNVWU|P	$(6+|JVWU|PHGV:2*2*2%WK
PHHWLQJRIWKH:RUNLQJ*URXSRQ2UGRYLFLDQ*HRORJ\RI%DOWRVFDQGLD)LHOGJXLGHDQG
$EVWUDFWV6YHULJHVJHRORJLVNDXQGHUV|NQLQJ5DSSRUWHURFKPHGGHODQGHQ±
-RXUGDQ ) 5HLPROG :8 	 'HXWVFK $  'DWLQJ WHUUHVWULDO LPSDFW VWUXFWXUHV
(OHPHQWV±
-XKOLQ & 	 3HGHUVHQ /%  5HIOHFWLRQ VHLVPLF LQYHVWLJDWLRQV RI WKH 6LOMDQ LPSDFW
VWUXFWXUH6ZHGHQ-RXUQDORI*HRSK\VLFDO5HVHDUFK±
-XKOLQ&,QWHUSUHWDWLRQRIWKHUHIOHFWLRQVLQWKH6LOMDQ5LQJDUHDEDVHGRQUHVXOWVIURP
WKH*UD\EHUJERUHKROH7HFWRQRSK\VLFV
-XKOLQ&6WXUNHOO((EEHVWDG-25/HKQHUW2+|JVWU|P$(6	0HLQKROG*
$QHZLQWHUSUHWDWLRQRIWKHVHGLPHQWDU\FRYHULQWKHZHVWHUQ6LOMDQ5LQJDUHDFHQWUDO
6ZHGHQEDVHGRQVHLVPLFGDWD7HFWRQRSK\VLFV±
.UHVWHQ3$DUR6	.DULV//DWHVWUHVXOWVRIEHGURFNPDSSLQJLQWKH6LOMDQDUHD
,Q'**HH(G*HRORJLVND)|UHQLQJHQVL6WRFNKROP)|UKDQGOLQJDU±
/HKQHUW20HLQKROG*%HUJVWU|P60&DOQHU0(EEHVWDG-25(JHQKRII6)ULVN
$0+DQQDK -/+|JVWU|P$(6+XII:' -XKOLQ&0DOHW] - 6WHLQ+-
6WXUNHOO(	9DQGHQEURXFNH75$1HZ2UGRYLFLDQ±6LOXULDQGULOOFRUHVIURP
WKH 6LOMDQ LPSDFW VWUXFWXUH LQ FHQWUDO 6ZHGHQ DQ LQWHJUDO SDUW RI WKH6ZHGLVK'HHS
'ULOOLQJ3URJUDP*))±
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

/HKQHUW 2 0HLQKROG * $UVODQ $ (EEHVWDG -25 	 &DOQHU 0  2UGRYLFLDQ
VWUDWLJUDSK\ RI WKH 6WXPVQlV  GULOO FRUH IURP WKH VRXWKHUQ SDUW RI WKH 6LOMDQ 5LQJ
FHQWUDO6ZHGHQ*))±
/L < 	 2OGHQEXUJ ':  6HSDUDWLRQ RI UHJLRQDO DQG UHVLGXDO PDJQHWLF ILHOG GDWD
*HRSK\VLFV±
0XKDPDG+ -XKOLQ&/HKQHUW20HLQKROG*$QGHUVVRQ0*DUFLD-XDQDWH\0	
0DOHKPLU$$QDO\VLVRIERUHKROHJHRSK\VLFDOGDWDIURPWKH0RUDDUHDRI WKH
6LOMDQ5LQJLPSDFWVWUXFWXUHFHQWUDO6ZHGHQ-RXUQDORI$SSOLHG*HRSK\VLFV±

0XKDPDG+*HRSK\VLFDOVWXGLHVLQWKHZHVWHUQSDUWRIWKH6LOMDQ5LQJ,PSDFW&UDWHU
'LJLWDO &RPSUHKHQVLYH 6XPPDULHV RI 8SSVDOD 'LVVHUWDWLRQV IURP WKH )DFXOW\ RI
6FLHQFHDQG7HFKQRORJ\SS8SSVDOD$FWD8QLYHUVLWDWLV8SVDOLHQVLV ,6%1

1DELJKLDQ01$QGHU0(*UDXFK9-6+DQVHQ52/D)HKU75/L<3HDUVRQ
:&3HLUFH -:3KLOOLSV -'	5XGHU0( +LVWRULFDOGHYHORSPHQWRI WKH
JUDYLW\PHWKRGLQH[SORUDWLRQ*HRSK\VLFV±
3DSDVLNDV1	-XKOLQ&,QWHUSUHWDWLRQRIUHIOHFWLRQVIURPWKHFHQWUDOSDUWRIWKH6LOMDQ
5LQJLPSDFWVWUXFWXUHEDVHGRQUHVXOWVIURPWKH6WHQEHUJERUHKROH7HFWRQRSK\VLFV

;X<+DR7/L='XDQ4	=KDQJ/5HJLRQDOJUDYLW\DQRPDO\VHSDUDWLRQXVLQJ
ZDYHOHWWUDQVIRUPDQGVSHFWUXPDQDO\VLV*HRSK\VLFVDQG(QJLQHHULQJ±
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7DEOHFDSWLRQV
7DEOH'DWDDFTXLVLWLRQSDUDPHWHUV
7DEOH3URFHVVLQJVWHSVDQGSDUDPHWHUV
7DEOH3HWURSK\VLFDOGDWDPHDVXUHPHQWVRQFRUHVDPSOHVIURPWKH0RUD90ZHOO
)LJXUHFDSWLRQV
)LJ*HRORJLFDOPDSRI WKH6LOMDQ5LQJDUHDZLWK ORFDWLRQRI WKH ,JUHQH$%GULOOFRUHVLWHV
DQG WKH ORFDWLRQ RI VHLVPLF SURILOHV PDUNHG 6WXG\ DUHD LV VKRZQ E\ WKH UHG UHFWDQJOH
VRXWKZHVWRIWKHWRZQRI0RUDPRGLILHGIURP(EEHVWDG	+|JVWU|P
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
)LJ%DVHPDSRIWKHVWXG\DUHDVKRZLQJORFDWLRQVRIWKHZHOOVEODFNFLUFOHVDQGJURXQG
JUDYLW\SRLQWVKROORZFLUFOHV7KH&'3SRVLWLRQVIRUWKHIRXUOLQHVDUHVKRZQDVEODFNOLQHV
&'3QXPEHUVDUH LQGLFDWHGDW UHJXODU LQWHUYDOV7KHJUD\GRWV LQGLFDWH WKH WUDFHPLGSRLQWV
IRUWKHVHLVPLFGDWD
)LJ$VXPPDU\RI WKHZHOOGDWDIURPWKH ,JUHQH$%ZHOOV VHH)LJ IRUZHOO ORFDWLRQV
:KHUH DYDLODEOH QDWXUDO JDPPD UD\ EODFN FXUYH DQG SZDYH VRQLF UHG FXUYH DUH
GLVSOD\HG7KH LQWHUSUHWHG OLWKRORJ\DQG OLWKRVWUDWLJUDSK\ZLWKLQ WKHZHOOV LVDOVRVKRZQ)RU
LOOXVWUDWLYHSXUSRVHVDQDSSUR[LPDWHEORFNHGQDWXUDOJDPPDUD\ORJLVVKRZQIRUSDUWVRIWKH
ZHOOZKHUHQRGDWDZHUHUHFRUGHGEODFNGDVKHGOLQH
)LJ6\QWKHWLFVHLVPRJUDPJHQHUDWHG IURP WKHSVHXGREORFNHGVRQLFDQGGHQVLW\ ORJV LQ
WKH0RUD90ZHOO
)LJ  $ *UDYLW\ DQRPDO\ PDS % 5HJLRQDO JUDYLW\ DQRPDO\ PDS & 5HVLGXDO JUDYLW\
DQRPDO\PDSRIWKHVWXG\DUHD3OXVV\PEROVUHSUHVHQWWKHJUDYLW\JURXQGVWDWLRQV7KH
EODFNOLQHVVKRZWKHORFDWLRQVRI&'3VVHLVPLFOLQHV
)LJ7KHXSSHULPDJHVKRZVWKHILQDOSURFHVVHGVHLVPLFGHSWKVHFWLRQIRU/LQH%RWKFRUH
OLWKRORJ\ OHIW KDQG VLGH DQG OLWKRVWUDWLJUDSK\ ULJKW KDQG VLGH DUH DQQRWDWHG IRU WKH0RUD
09ZHOO7KHVHLVPLFLQWHUSUHWDWLRQGHQRWLQJWKHWKLFNQHVVRIWKH3DOHR]RLFVHTXHQFHDQG
WKHORFDWLRQRIIDXOWVLVVKRZQLQWKHORZHULPDJH
)LJ7KHXSSHULPDJHVKRZVWKHILQDOSURFHVVHGVHLVPLFGHSWKVHFWLRQIRU/LQH%RWKFRUH
OLWKRORJ\OHIWKDQGVLGHDQGOLWKRVWUDWLJUDSK\ULJKWKDQGVLGHDUHDQQRWDWHGIRUWKH0RUD
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
DQG 0RUD 90 ZHOOV 7KH VHLVPLF LQWHUSUHWDWLRQ GHQRWLQJ WKH WKLFNQHVV RI WKH 3DOHR]RLF
VHTXHQFHDQGWKHORFDWLRQRIIDXOWVLVVKRZQLQWKHORZHULPDJH
)LJ  7KH XSSHU LPDJH VKRZV WKH ILQDO SURFHVVHG VHLVPLF GHSWK VHFWLRQ IRU /LQH  7KH
VHLVPLF LQWHUSUHWDWLRQGHQRWLQJWKHWKLFNQHVVRI WKH3DOHR]RLFVHTXHQFHDQGWKH ORFDWLRQRI
IDXOWVLVVKRZQLQWKHORZHULPDJH
)LJ  7KH ILQDO SURFHVVHG VHLVPLF GHSWK VHFWLRQ IRU /LQH  %RWK FRUH OLWKRORJ\ OHIW KDQG
VLGHDQGOLWKRVWUDWLJUDSK\ULJKWKDQGVLGHDUHDQQRWDWHGIRUWKH0RUD90ZHOO
)LJ$0DSVKRZLQJWKHORFDWLRQRIWKHPDMRUIDXOWVDQGIDXOWEORFNV7KHORFDWLRQRIWKH
VFKHPDWLFVHFWLRQVKRZQ LQ% SURILOH$ $¶ LVDQQRWDWHGDVDGRWWHG OLQH%$VFKHPDWLF
VHFWLRQGHVFULELQJDQDSSUR[LPDWHO\1(6:SURILOHWKURXJKWKHVWXG\DUHD7KHIDXOWEORFNV
GHVFULEHGRQ WKHPDS LQ$ DUH DQQRWDWHG 7KH WKLQ EODFN OLQHV DQQRWDWHG LQ WKH3DOHR]RLF
VXFFHVVLRQZLWKLQ)DXOWEORFNVDQGVKRZWKHDSSUR[LPDWHJHRPHWU\RIUHIOHFWLRQVZLWKLQ
WKH VHLVPLF GDWD REVHUYHG DORQJ OLQHV   DQG  7KH WKLQ EODFN OLQHV DQQRWDWHG LQ WKH
3DOHR]RLF VXFFHVVLRQ LQ )DXOW EORFN  VKRZ WKH LQWHUSUHWHG OLWKRORJ\ ZLWKLQ WKH IDXOW EORFN
+HUHZH DVVXPH WKDW WKH VHTXHQFHHQFRXQWHUHG LQ WKH0RUD ZHOO H[WHQGV DFURVV WKH
HQWLUHIDXOWEORFN
)LJ  *UDYLW\PRGHOLQJ DORQJ VHLVPLF /LQH  EDVHG RQ WKH LQWHUSUHWDWLRQ RI WKH VHLVPLF
UHIOHFWLRQ GDWD GHQVLW\ FRUH VDPSOHV DQG OLWKRORJLHV RI WKH ZHOOV $ *UDYLW\ PRGHO %
,QWHJUDWLRQRI WKHVHLVPLFVHFWLRQDQGPRGHOEDVHGRQWKH LQWHUSUHWDWLRQRI WKHJUDYLW\GDWD
7KHQXPEHUVLQ%UHSUHVHQWVWKHGHQVLW\FRQWUDVW
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